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Neutrinos are abundant!

Each second, some 1014 neutrinos made in the Sun
pass through your body.

Each second, about 103 neutrinos made in Earth’s

atmosphere by cosmic rays pass through your body.

Other neutrinos reach us from natural (radioactive

decays of elements inside the Earth) and arti�cial
(nuclear reactors, particle accelerators) sources.

Inside your body are more than 107 neutrino relics

from the early universe.

�i ; ��i number density now: 56 cm�3, / (1 + z)3
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Neutrinos in the electroweak theory
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Neutrinos in the electroweak theory
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Leptons are observed as free particles

Lepton Mass Lifetime

�e < 2 eV
e� 0:510 998 918(44) MeV > 4:6 � 1026 y (90% CL)

�� < 0:19 MeV (90% CL)
�� 105:658 369 2(94) MeV 2:197 03(4) � 10�6 s

�� < 18:2 MeV (95% CL)
�� 1776:90 � 0:20 MeV 290:6 � 1:0 � 10�15 s

All spin- 1
2
, pointlike (�< few � 10�17 cm)

kinematically determined � masses consistent with 0
(� oscillations ) nonzero, unequal masses)
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Tritium �-decay spectrum

3H ! 3He e� ��e: Q � 18:57 keV

2 x 10-13

m! = 1 eV

a)
b)

m! = 0 eV
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� mass limits (e-associated)
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KATRIN aims form� �< 0:2 eV
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